G astroesophageal reflux disease (GERD), commonly known as heartburn, is the most common and expensive digestive disease (1). It is a major public health problem, with 20% of the adult population reporting weekly heartburn symptoms (2) . Severe GERD is a major risk factor for esophageal adenocarcinoma (3) . Treatment options for GERD consist of medications that reduce acid secretion (antisecretory agents), antireflux surgeries devised to restore the normal anatomy of the gastroesophageal junction (GEJ) and, more recently, endoscopic interventions.
The antireflux barrier at the GEJ is anatomically and physiologically complex, which makes it vulnerable to a number of potential mechanisms of reflux. The two main patterns of lower esophageal sphincter (LES) dysfunction are hypotensive LES and pathological transient LES relaxations (tLESRs) (4, 5) . Anatomic disruption of the GEJ, commonly associated with a hiatal hernia, is another mechanism that contributes to reflux disease by impairing LES function. tLESRs account for a majority of reflux events in individuals with normal LES pressure and mild reflux disease. The frequency of tLESRs increase with progressive gastric distension, particularly in patients with GERD and hiatal hernia (6) . Low LES pressure and hiatal hernia are the predominant mechanisms for patients with severe reflux disease (7) .
Medical therapy is chronic and long-term for patients suffering from GERD, particularly for patients with erosive esophagitis; over 80% of patients will relapse if antisecretory therapies are terminated (8) (9) (10) . Thus, the same medication that induces remission is usually required in the same dosage to maintain remission (8, 11, 12) . Antisecretory agents, however, do not address the underlying pathophysiological issues of GERD (ie, LES dysfunction and hiatal hernia).
Antireflux surgery has been performed since the early 1950s. The most widely performed procedure today is laparoscopic Nissen fundoplication. The goal of antireflux surgery is to mechanically restore the normal GEJ via open (transthoracic or transabdominal) or laparoscopic approaches, thus to reconstruct the physiological equivalent of normal LES and normalize reflux parameters (13) . Other procedures such as Hill, Belsey and Toupe repairs have all been devised to offer antireflux surgeries for specific patient populations. For open fundoplication procedures, a symptomatic response of 80% to 90% has been reported at 10-year follow-up (14) . For laparoscopic fundoplication, a similar success rate of 85% to 90% has been reported (15) (16) (17) . Complications following fundoplications include dysphagia (18, 19) , chest pain, gasbloat syndrome, postoperative hyperflatulence, vagal nerve injuries leading to gastroparesis and diarrhea. The prevalence of postoperative complications ranges from 5% to 20% (20) . Early postoperative dysphagia can occur in up to 18% of patients, while late dysphagia can occur in 6% of patients at two years (21) . Therefore, a less invasive mechanical treatment option for GERD may be a very attractive option for patients. Advances in endoscopic technologies have introduced new therapeutic options for GERD. Since 2000, the Food and Drug Administration (FDA) has approved several endoscopic devices for clinical use. These treatment modalities can be categorized into three groups: radiofrequency ablation of the GEJ with the Stretta catheter (Curon Medical Inc, USA) (22) ; suturing of the GEJ using either mucosal sutures with the EndoCinch device (Davol Inc, USA) (23) or full thickness suture placement with the NDO plicator (NDO Inc, USA) (24); and finally, injection of bulking materials into the distal esophagus with the Enteryx polymer (Boston Scientific Inc, USA) (25) . Enteryx was withdrawn from the market in 2005 due to safety concerns.
The first endoscopic antireflux device that was approved by the FDA was the EndoCinch device. The procedure is called an endoluminal gastroplication, where mucosal plications or pleats are created in a circumferential or longitudinal fashion on the gastric side of the GEJ. The procedure takes between 30 min and 60 min to perform, depending on the number of mucosal plications placed and the experience of the endoscopist.
Anatomical and physiological evaluations of the LES after endoluminal gastroplication have been performed to understand the antireflux mechanism of the procedure. Functional changes in the LES in patients with GERD were investigated by Tam et al (26) . They found that the placement of two circumferential sutures 1 cm below the GEJ led to an increase in LES pressure. The 24 h esophageal acid exposure was also reduced, as well as the frequency of tLESRs six months after the procedure (26) . The mucosal sutures were found to induce focal smooth muscle hypertrophy in the distal esophagus in patients with GERD, as well as in a swine model (27) . A two-year follow-up study (28) reported that 52% of patients
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©2007 Pulsus Group Inc. All rights reserved Dr Julia J Liu remained symptom free; although esophageal acid exposure was significantly reduced, normalization could not be achieved in the majority of patients. In a nonrandomized study comparing transesophageal endoscopic plication with laparoscopic fundoplication, endoscopic suturing achieved good results; however, more studies would be needed (29) .
Full-thickness plications can be created using the NDO plicator. This is the first endoscopic treatment method that demonstrated significant improvement in esophageal acid exposure compared with the sham group (24) . Complications seen in 78 patients who underwent the Plicator procedure included two patients with pneumoperitoneum and one patient undergoing exploratory laparoscopy three months later (24) . Studies on the mechanism of action for the Plicator procedure are limited.
Temperature-controlled radiofrequency ablation of the cardia using the Stretta catheter was the second antireflux procedure approved by the FDA. For the Stretta procedure, a probe is positioned at the GEJ and the radiofrequency energy is delivered circumferentially to the distal esophagus and the gastric cardia (22) . The procedure takes 40 min to 60 min to perform.
The antireflux mechanisms of the Stretta procedure have been shown to be related to increased gastric yield pressure in a botox-treated swine model (30) and a reduction in postprandial tLESR (31) , as well as a trend toward lower tLESR induced by gastric air distension (32) in patients with GERD. Three-year follow-up results showed that 60% of patients who had more than 50% reduction in proton pump inhibitor use showed improvement in esophageal acid exposure (33) .
Injection of bulking agents into the muscularis propria layer of the distal esophagus is the third endoscopic approach for patients with GERD. This results in a polymer precipitating in the muscle layer. The mechanism of action is believed to be due to decreased distensibility of the cardia and increased yield pressure (34) . A two-year follow-up study showed that 67% of patients who were off proton pump inhibitors had a 31% reduction in esophageal acid exposure (25) . In 2005, Enteryx was withdrawn from the market by the manufacturer following reports of serious complications associated with the injection procedures.
Randomized, sham-controlled studies have been performed for all three treatment modalities; however, most studies involve small numbers of patients with high sham response rates and no benefits on esophageal acid exposure. Moreover, the long-term clinical results for these procedures have been disappointing. Therefore, the initial enthusiasm for these new endoscopic treatment options has waned as the experience with the devices has grown.
The performance of these procedures requires additional training for the endoscopist. The device manufacturers, as well as the American Society for Gastrointestinal Endoscopy, have put together seminars and hands-on training sessions to facilitate the education of endoscopists on the performance of these procedures. The average time for an antireflux procedure is between 30 min and 90 min. Additional equipment such as fluoroscopy may be needed for injection of polymers. Endoscopic suturing procedures may also require deeper level of sedation than the conscious sedation used for routine endoscopy.
The main concerns about all endoscopic antireflux modalities are related to long-term clinical efficacy and safety. Although GERD is a common disorder, adverse events from medical therapy is rare. Serious complications, including death, have been reported with the use of Stretta catheter and Enteryx polymer injection.
It would be reasonable to conclude that endoscopic antireflux therapy is still in the preliminary developmental stage, with significant uncertainty with respect to the clinical efficacy and safety for patients with GERD. The relative efficacy of endoscopic treatment is unclear compared with medical and surgical therapy. Therefore, most gastroenterologists in practice do not yet need to learn the techniques of endoscopic antireflux treatment.
